Initiatives to reduce sodium in packaged foods have been launched in the United States, yet corresponding changes in the amount of sodium that US households obtain from packaged foods have not been evaluated, to our knowledge.
Nonetheless, little is known about whether sodium in packaged foods has changed during the past 15 years. Prior studies 10-14 monitoring sodium intake using dietary selfreport are limited by changes in assessment methods over time and lack of up-to-date food composition data for the diverse and constantly changing array of products in the US food supply. Few evaluations of changes in the sodium content of packaged foods using analytic or nutrition label data have been conducted in the United States, and these studies 8, 9, 15, 16 evaluated only a limited number of products in selected food categories. To our knowledge, no studies have examined how changes in the sodium content of products translate to changes for households' grocery store purchases. To address these knowledge gaps, this study used timevarying product-and brand-specific nutrition label data for approximately 1.5 million packaged foods purchased by a nationwide sample of US households. This study aimed to examine 15-year trends in the amount of sodium obtained by US households from packaged food purchases, to evaluate changes in the sodium content of packaged foods overall and for major food sources of sodium, and to determine whether the percentage of US households that have packaged food purchases with optimal sodium density changed between 2000 and 2014.
Methods

Study Population
This study used data from the 2000 to 2014 Nielsen Homescan Consumer Panel, a prospective study of packaged food and beverage purchases by US households (data obtained from The Nielsen Company, 2014) . 17 Homescan maintains a nationwide sample of 30 000 to 60 000 households each year using an open-cohort study design described in detail previously [18] [19] [20] and in the eMethods in the Supplement. Households are prospectively followed and record their purchases continuously throughout the year. Households must record purchases for at least 10 months and then may exit the study at any time; new households are enrolled to maintain national representativeness. Mean follow-up time was 4.4 years. The age and sex of each household member, race/ethnicity and educational level of the male and female heads of household, and household income were reported by questionnaire. This secondary data analysis was deemed exempt from University of North Carolina at Chapel Hill institutional review board approval.
To best capture usual shopping habits throughout the year and to account for storage of products not consumed immediately, analyses used year-level purchases, generated by summing all purchases during a given calendar year for each household. As described previously, purchases during annual quarters were deemed unreliable by study investigators if thresholds for expenditures and the amount purchased were not met 21, 22 ; to ensure consistent reporting, household yearlevel observations that included more than 1 unreliable quarter or with extreme purchase amounts (<0.5th percentile or >99.5th percentile) were excluded (4.9%).
Food and Beverage Purchase Data
Household members used a handheld Universal Product Code barcode scanner provided by The Nielsen Company to record each packaged food or beverage purchased from grocery, drug, and convenience stores; supermarkets; mass merchandisers; and all other retail food stores. As described elsewhere, our research team linked each barcoded product to its corresponding Nutrition Facts Panel to obtain brand-and productspecific calorie and sodium content at the time of purchase.
Statistical Analysis
All estimates of sodium from food and beverage purchases were determined using multivariable, longitudinal, randomeffects regression models to control for changes in the sociodemographic characteristics of the Homescan sample over time and to account for the correlation between repeated measures within households. To assess the amount of sodium in households' purchases in each year between 2000 and 2014, linear models regressed sodium (mg/d) per capita in households' purchases on year (indicator variables) and sociodemographic covariates (described below). Separate models were used for the outcomes of total purchases, foods only, beverages only, and table salt. Longitudinal 2-part models were used for table salt as described in the eMethods in the Supplement. To put sodium trends in context, models were repeated for per capita weight (g/d) and energy (kcal/d) in total, food, and beverage purchases.
Top food group sources of sodium were identified by ranking based on unadjusted, survey-weighted mean sodium (mg/d) per capita from each group in 2014. Groups that included single-ingredient foods that contain only naturally occurring sodium (eg, milk or eggs) were excluded to be consistent with previous sodium reduction guidance.
26 Separate models were then used to assess the adjusted mean sodium per capita (mg/d) and percentage contribution to sodium in packaged food purchases (% mg) for each top food group source.
To evaluate changes in the mean sodium content of purchases overall and by food group, linear models regressed the sodium content (mg/100 g) of purchases on year, with adjustment for covariates. Separate models were used for total purchases, foods only, beverages only, and each top food group source of sodium. To examine variability in sodium content within food groups, quantile regression models with clustering on the household were used to predict the adjusted sodium content at the 5th, 25th, 50th (median), 75th, and 95th percentiles.
Finally, trends in the sodium density (mg/1000 kcal) of total packaged food and beverage purchases were examined using quantile regression models with clustering on the household to evaluate changes in sodium density at the 25th, 50th (median), and 75th percentiles. Scholars recommend that an optimal sodium density of 1.1 mg/kcal or less, based on the DASH-Sodium trial and the Healthy Eating Index-2010, can be used as a practical approach for monitoring sodium levels. [27] [28] [29] [30] [31] To determine whether the percentage of households that have total purchases with optimal sodium density changed between 2000 and 2014, longitudinal logistic regression Values are the adjusted mean sodium (mg/d) (A) or weight (g/d) (B) per capita from households' packaged food and beverage purchases from retail food stores in a given year, determined from multivariable, longitudinal linear regression models regressing purchases on indicator variables for year; values for table salt were determined from a 2-part model, including (1) a longitudinal probit model of the probability of purchasing and (2) a longitudinal log-linear regression of the amount purchased among purchasers. P values for time trends were derived from multivariable regression models treating year as a continuous variable, including linear, quadratic, and cubic terms as appropriate. All models were adjusted for household size and composition, race/ethnicity, income, educational level, and geographic market, and means were predicted at the distribution of race/ethnicity by income from US Census Bureau data. Data are from the Nielsen Homescan Consumer Panel, including 172 042 US households (754 608 year-level observations).
a Significantly different from 2000 (P < .001 by Wald postestimation test). models regressed the binary outcome of sodium density of 1.1 mg/kcal or less on year, with adjustment for covariates.
All models were adjusted for household composition (single or multiple adults with or without children), household size (the number of household members in each age and sex category), joint classification by race/ethnicity (nonHispanic white, non-Hispanic black, Hispanic, or other races/ ethnicities) and income (≤185%, 186%-400%, or >400% of the federal poverty level), educational level (maximum level attained by either head of household, categorized as less than high school, high school, or college or higher), and geographic market. The Homescan panel includes a higher proportion of non-Hispanic white, high-income, and highly educated households than the general US population (eTable 2 in the Supplement). Therefore, to more accurately represent trends in the US population, the adjusted mean purchases in each year were predicted using the coefficients from the fully adjusted models, the distribution of race/ethnicity by income reported by the US Census Bureau for 2014, and mean values in the Homescan sample for all other covariates.
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Trends over time were assessed by repeating models with year as a continuous variable; quadratic and cubic terms were tested and retained in the model when significant to capture potential nonlinear trends. Statistical significance was evaluated using Wald tests for the joint significance of all terms for time with 2-sided α = .001 to account for multiple comparisons and the large sample size. All statistical analyses were conducted using Stata software (version 14; StataCorp LP).
Results
Amount of Sodium Purchased
This study included 172 042 US households (754 608 yearlevel observations) and used nutrition label data for 1 490 141 food and beverage products. The amount of sodium that US households acquired from packaged foods and beverages purchased from retail food stores decreased significantly be- Figure 1B ). However, the amount of packaged foods purchased by US households showed little change (−9; 95% CI, −10 to −7 g/d per capita). The 10 top food group sources of sodium were identified and together provided approximately 70% of sodium in households' packaged food and beverage purchases in each year ( Table 1) . The amount purchased for each food group remained stable over time (eTable 4 in the Supplement).
Sodium Content (mg/100 g) of Purchases
The sodium content of US households' packaged food purchases (excluding beverages) decreased significantly between 2000 and 2014 by 49 mg/100 g (95% CI, −50 to −48 mg/ 100 g), a 12.0% decline ( Figure 2 and eTable 5 in the Supplement); decreases began in 2005 and continued through 2014. Because total grams purchased decreased due to declining beverage purchases, decreases in the sodium content of total packaged food and beverage purchases were significant yet small (−6; 95% CI, −7 to −5 mg/100 g).
In addition, the mean sodium content of households' purchases decreased significantly for all top food sources of sodium between 2000 and 2014 ( Table 2) , including declines of more than 100 mg/100 g for condiments, sauces, and dips and salty snacks. Decreases were at least 10% for the sodium content of households' purchases of condiments, sauces, and dips (−14.0%); mixed dishes (−12.6%); salty snacks (−17.3%); breads (−10.5%); soup (−18.4%); vegetables (−17.1%); and breakfast cereal (−16.5%). The range between the 5th and 95th percentiles of sodium content showed wide variation that persisted in this 15-year period.
Sodium Density (mg/1000 kcal) of Purchases
The median sodium density of households' overall packaged food and beverage purchases decreased significantly by 84 mg/ 1000 kcal (95% CI, −91 to −77 mg/1000 kcal) from 1712 to 1628 mg/1000 kcal between 2000 and 2014 ( Figure 3A and eTable 6intheSupplement). Sodium density also decreased significantly between 2000 and 2014 for all top food group sources of sodium (eTable 7 in the Supplement). Nonetheless, throughout the 15-year period, less than 2% of US households had total packaged food and beverage purchases with optimal sodium density (≤1.1 mg/kcal), although prevalence increases between 2000 and 2014 (+0.5 percentage point) were statistically significant ( Figure 3B ).
Discussion
Using food composition data for approximately 1.5 million products, this study found that sodium from packaged food and beverage purchases decreased significantly by 396 mg/d per capita between 2000 and 2014 in a nationwide sample of US households. The sodium content of packaged food purchases declined by 12.0% overall and by at least 10% for 7 of 10 top food group sources of sodium. Although a significant 15-year reduction in the median sodium density of households' packaged food and beverage purchases was achieved, almost all US households had purchases exceeding optimal sodium density levels. In summary, sodium in US households' packaged food purchases decreased significantly and consistently for all 3 measures examined (mg/d, mg/100 g, and mg/ 1000 kcal), but further reductions are needed.
The significant 15-year decline in per capita sodium from packaged foods is potentially meaningful for population health; previous simulation studies predicted that a reduction in population-level sodium intake of this magnitude (approximately 400 mg/d) would reduce new cases of coronary heart disease by 20 000 to 40 000 and deaths from all causes by 15 000 to 32 000 annually. 33 However, further studies are needed to determine the extent to which reductions in sodium purchased translate to reductions in sodium intake. Previous analyses using self-reported dietary assessment found little 14, 34 or no 35 decline in total sodium intake in the past 15 years but were based on data for fewer than 10 000 foods, in contrast to the 400 000 products available in the US marketplace each year, and did not consistently update food composition data to keep pace with rapid changes in the food supply. Our study found that the sodium content of packaged food purchases decreased significantly between 2000 and 2014, both overall (−12.0%) and for all top food group sources of sodium. In contrast, one study 8 reported minimal declines (−3.5%) in sodium content by reformulation between 2005 and 2011 yet included only 402 packaged foods. Similar to our results, modest declines (−6.8%) in sales-weighted sodium content between 2009 and 2014 were found for food categories targeted by the NSRI, a coalition of local and state health organizations that set voluntary sodium reduction targets for packaged and restaurant foods. 9,36 Our examination of longterm trends revealed that decreases in sodium per capita and sodium content began in 2005, predating the NSRI's 2009 baseline. Despite significant declines in the sodium density of purchases throughout the past 15 years, most US households had packaged food and beverage purchases with sodium density exceeding 1.1 mg/kcal. This finding is consistent with studies 14, 30, 35 showing that the mean sodium density of dietary intake from stores remained above the optimal level and that no significant reductions in the prevalence of excessive sodium intake were achieved between 2003 and 2010. Moreover, 15-year changes in total sodium per capita and sodium content of packaged foods in our study represent slow annual rates of decline (−1.1% and −0.8% per year, respectively), far slower than the rate recommended by the European Union Framework (−4% per year). 37 Our findings support the need for more concerted nationwide efforts to accelerate the pace of sodium reduction, and the US Food and Drug Administration's recently proposed phased targets for the sodium content of industrially processed foods will likely have a critical role.
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Limitations and Strengths
A key limitation of this study is that households do not report whether all purchased foods are consumed, so these data cannot examine sodium intake. Purchases of a Values are adjusted 25th, 50th (median), and 75th percentile sodium density of households' packaged food and beverage purchases from retail food stores in a given year, determined from multivariable quantile regression models regressing purchases on indicator variables for year with clustering on the household.
b Values are the adjusted percentage of households that have total packaged food and beverage purchases with sodium density of 1.1 mg/kcal or less in a given year, determined from multivariable longitudinal logistic regression models regressing the binary outcome of having purchases with sodium density of 1.1 mg/kcal or less on indicator variables for year.
c Significantly different from 2000 (P < .001 by Wald postestimation test).
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which may also be sources of sodium in store purchases. For a subsample of participants who manually recorded nonpackaged food purchases in addition to scanning packaged foods, packaged foods accounted for 78% of store expenditures 24 ;
however, because nonpackaged foods could not be linked to nutrition information, the proportion of sodium purchased from packaged foods cannot be determined. Additional studies are needed to examine whether decreases in sodium from packaged foods were offset by increases in sodium from awayfrom-home sources. The significant decreases in sodium purchased in our study may be attributable to changes in healthconscious purchasing behaviors by consumers or to reductions in the sodium content of packaged foods by manufacturers; however, there were no major shifts in the amount purchased for key food groups, suggesting that sodium declines may relate mainly to reformulation. Although US Food and Drug Administration regulations allow sodium content stated on the Nutrition Facts Panel to deviate from actual content in a product by up to 20%, 41 experts found that the sales-weighted mean sodium content based on nutrition labels agreed closely with analytically assessed values (<10% difference) for most top food sources of sodium. 11,42 Moreover, these validation studies 11, 42 indicate that discrepancies primarily occur for products with nutrition label sodium content that is higher than the analytic measurement, potentially because manufacturers have not made costly updates to labels when sodium reduction is within the allowed margin of error. Therefore, our results may underestimate actual sodium reductions. No recommendations exist for the overall sodium density of purchases, so sodium density was compared with the optimal level previously derived for dietary intake; however, this sodium density cutoff has been used by governmental advisory committees and researchers to evaluate store-bought foods and processed foods.
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Bias from underrecording of purchases may occur if participants are too busy to scan all items or selectively choose to not record products perceived as unhealthy; however, validation studies conclude that the accuracy of the Homescan data is comparable to other commonly used governmentcollected data sets. 18 Because scanning purchases is time consuming, selection bias is possible; the high proportions of nonHispanic white and high-income households in our study suggest that some subpopulations might be better able to handle the burden of data recording and participate in the study. Consequently, findings may not be generalizable to the US population. A main strength of this study is the use of time-varying brand-and product-specific sodium content data. Other strengths include objective scanning of purchases that avoids bias inherent in self-reported dietary intake, the large nationwide sample of households, and ability to monitor long-term trends.
Conclusions
In this nationwide study, the amount of sodium that US households acquired from packaged foods and beverages decreased significantly between 2000 and 2014, with corresponding declines in the sodium content of packaged food purchases. Despite these improvements, almost all US households continue to have total packaged food purchases with excessive sodium density. The slow rate of decline in sodium from store-bought foods suggests that more concerted sodium reduction efforts are necessary in the United States. Future studies are needed to examine sodium trends by race/ethnicity and income to identify vulnerable subpopulations that further interventions should target. Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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eMethods. Nielsen Homescan Panel Study Description and Longitudinal 2-Part Model for Table Salt
Nielsen Homescan panel study description Nielsen recruits households using Internet ads and email as well as direct mailings targeted at low-income and racial/ethnic minority groups. Respondents must complete two rounds of mailed questionnaires about sociodemographic characteristics, demonstrating a willingness and ability to comply with the demands of scanning all purchases, to be eligible for enrollment. Households are enrolled to match geographic and demographic targets at the county level. Households are prospectively followed and record their purchases continuously throughout the year. Households must record purchases for ≥10 months and then may exit the study at any time; new households are enrolled to rebalance sample sociodemographic characteristics and maintain national representativeness. The majority of households (69%) remained in the study for multiple years; mean follow-up time was 4.4 years (range: 1-15 y).
Purchases during annual quarters were deemed unreliable by study investigators if thresholds for expenditures and amount purchased (<$135 for multimember households and <$45 for single-member households in any 4-wk period; <150 or >5000g/d per person) were not met. To ensure consistent reporting, household year-level observations including >1 unreliable quarter or with extremely low or high purchases, defined by the bottom or upper 0.5th percentiles of purchases (<293 or >3423 kcal/d per capita), were excluded (4.9%).
Longitudinal 2-part model for table salt
Because of the high proportion of households that did not purchase any table salt or seasoning products during a given year (>20%) and the skewed distribution of sodium among households purchasing these items, longitudinal two-part models were used to estimate sodium purchased from table salt and seasoning products. The first part used a probit model for the proportion of households purchasing these products, and the second part used a log linear model for the amount purchased among consumers, estimated using an extension of generalized estimating equations for generalized linear models and an exchangeable correlation structure. Values are adjusted mean ± SE daily per capita amount in households' purchases from retail food stores in a given year. Values for total, food, and beverage purchases were determined from multivariable longitudinal linear regression models regressing purchases on indicator variables for year; values for table salt were determined from a 2-part model including 1) a longitudinal probit model of the probability of purchasing and 2) a longitudinal log linear regression of the amount purchased among purchasers. All models were adjusted for household size and composition, race/ethnicity, income, education, and geographic market, and means were predicted at the distribution of race/ethnicity by income from US Census Bureau data. b Values are adjusted mean ± SE weight of households' food group purchases from retail food stores in a given year, determined from multivariable longitudinal linear regression models regressing purchases on indicator variables for year. All models were adjusted for household size and composition, race/ethnicity, income, education, and geographic market, and means were predicted at the distribution of race/ethnicity by income from US Census Bureau data. b Values are adjusted mean ± SE sodium content of households' total, food, or beverage purchases from retail food stores in a given year, determined from multivariable longitudinal linear regression models regressing purchases on indicator variables for year. All models were adjusted for household size and composition, race/ethnicity, income, education, and geographic market, and means were predicted at the distribution of race/ethnicity by income from US Census Bureau data. 
